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♦NOTICES* 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

1. The ion source at least with annular part constituted so that ion might be extracted from perimeter 
of the source in vertical direction to source flat surface during activity (1, 2, 3) Ion gun equipped with 
the orientation means (8, 9, 10) constituted so diat ion might be oriented toward the location on the 
medial axis of said source while in use. 

2. Ion gun according to claim 1 Mass spectrometer equipped with the ion detector (13) mostly located 
on the medial axis of said source. 

3. Mass spectrometer according to claim 2 said whose orientation means (8, 9, 10) are a series of ring 
type electrodes for orienting ion while in use at point on said medial axis. 

4. Mass spectrometer according to claim 2 or 3 which equips further with circular opening (16) 
location on medial axis close to location where ion trajectory intersects said medial axis. 

5. Mass spectrometer given in any 1 term of claims 2-4 further equipped with the electronic reflector 
(15). 

6. Mass spectrometer according to claim 5 widi which said detector (3) is arranged to said 
electric-field reflector (15) in opposite hand of said source. 

7. Mass spectrometer according to claim 4 or 6 further equipped with feed hole in said source for 
orienting ion. 

8. Mass spectrometer given in any 1 term of claims 2-7 further equipped with one or more circular 
filaments (2) arranged by approaching said source field, 

9. Mass spectrometer given in any 1 term of claims 2-8 equipped with gas installation means (4) for 
introducing neutral gas to the source ahnost vertically to direction which ion generates 6rom said 
source. 

10. The mass spectrometer according to claim 9 which countered said gas installation means and 
arranges the pump (7). 
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11. A mass spectrometer given in any 1 term of claims 2-6 ftirther equipped with the means (4) for 
introducing into said source the forward or negative ion generated externally. 

12. A mass spectrometer given in any 1 term of claims 2-11 which constitute said source so that ion 
may be saved before an ion extract. 

13. The mass spectrometer according to claim 12 which it has further a means for introducing a 
neutron to the tangential direction of the circle formed with said source, a neutron follows along a 
source line in case it is ionized during an activity, and is saved in the source. 

14. Mass spectrometer according to claim 12 which constitutes the means for saving ion in the source 
with the source which consists of an electron of the charge between altitude for orienting the ion of 
the perimeter of the source. 

15. Mass spectrometer according to claim 12 whose ion preservation means for saving ion in the 
source is the circular information trunk currently held at the electrical potential difference which 
draws ion during an activity. 

16. The mass spectrometer according to claim 12 which constitutes said ion preservation means from 
a series of rings which supply radio frequency quadrupole mold electric field to the perimeter of a 
source field. 

17. The mass spectrometer according to claim 12 which constitutes the ion preservation means in said 
source from the cylindrical shape or the annular electrode which suppHes weak electrostatic field to 
said source field during an activity. 

18. Source Field Which Supplies 1st Electrostatic Field for Making it Accelerate into Acceleration 
Field and Extracting Ion, The 2nd bigger electrostatic field than said 1st electrostatic field At least 
one electric-field disconnection flight field, electric-field reflector (15) So that it may have a detector 
(13) and the total aircraft flying hour of the ion from the various initial start locations on a line 
parallel to said 1st electrostatic field may not be dependent on the start point of ion per second field 
strength and die length — a flight ~ the time-of-flight mass spectrometer which can adjust the field of 
a course. 

19. The mass spectrometer equipped with the ion gun according to claim 2 which performs 
time-of-flight amendment of claim 18. 

20. The mass spectrometer according to claim 5 with which the secondary ion by which is further 
equipped with the electrostatic lens for converging the ion pulse £ix>m said ion gun on a sample (17) 
during an activity, and sputtering is carried out from said sample side is returned in the direction of an 
ion detector (13) with an electric-field reflector (15), and performs secondary ion mass analysis. 

21. The mass spectrometer [ almost same with having explained with reference to the accompanying 
drawing ] according to claim 2 or 18. 



[Translation done.] 
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* NOTICES* 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

Mass part **** which uses an ion gun and this This invention relates to an ion gun and a mass 
spectrometer. The mass spectrometer was considered to be a thing complicated [ these ] and 
expensive, although many advantages are offered when analyzing a presentation or minute amount 
pollutant of a known gas. It is comparatively simple, and is contact and this invention aims at 
offering the ion gun and mass spectrometer of a new design which can extend the field of the 
invention of a mass spectrometer even to a new field. 

A mass spectrometer is put into operation by making a sample evaporate, when it is not a gaseous 
phase beforehand, ionizing the atom or molecule in a fmal gas after that, and forming ion. It is 
operated by electric field or the field in a vacuum, and it is made not to collide with a surrounding gas 
molecule, the ion of different mass is distinguished, and such atoms or molecular ion enable it to 
measure such abimdance after that. The mass of each element differs, respectively, and since it is the 
thing of a proper, final "mass spectrum" is solved comparatively easily with the concentration of 
various elements. The break through is difiBcuIt when molecular ion is contained. The reason is that 
two or more mass peaks may be shown even if it is a compound single for fragmentation. However, it 
has as a database the mass spectrum of many con:q)ounds made into a problem. Mass spectrum data 
[relevant to ionization according to an ion bombardment especially (it has the great portion of NBS / 
EPA(USA) MS library (44,000 electron-impact mass spectrum)].) 

For example, as compared with other analysis methods, such as an infrared spectroscopy, the mass 
spectrometry has many advantages. The reason is applicable to the constituent of the large range 
while a mass spectrometry is a high property. Unlike many other approaches, a mass spectrometry 
can distinguish the various isotopes which consist of the same element. Especially this is suitable to 
use it with the main separation approaches, such as a gas chromatography proposed by Mats etc. (G 
Mats et al and Chemosphere 15 (1986)p2031). 

Generally the mass spectrometer for gas analysis consists of the ion source, an analyzer which 
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performs separation by the mass pair charge ratio, and an ion detector, the mean free path of the ion 
which all mass spectrometers are equipped with a vacuous chamber, and is made into a problem 
progress of the ion in an analyzer - he is trying to become quite longer than a course The approach of 
separating according to a mass pair charge ratio is various. Moreover, since a charge is generally 
known (one electron is removed), this is treated by the separation and the EQC by mass. Many 
analyzers are constituted so that only the ion of predetermined mass or the ion near it can reach a 
detector from the ion source, and they function effectively as a mass filter. As these examples, there is 
a wine (Wein) filter analyzer which distributes the ion in space and MAQ or an electrostatic sector 
instrument, and it has mass selection opening or a slit on the position transducer or the general twist 
target, the orbit into which only the ion of a predetermined mass pair charge ratio was stabilized by 
the quadrupole (quadruple) analyzer -- a passage - a detector - it can reach - as -- constituting - as a 
narrow-band passage mold filter - acting . A mass spectrum is generable by making electric field or a 
field incline so that these filter mold mass spectrometers may be used and the mass detected in the 
range of the mass made into a problem may be scanned. 

A mass spectrum will be plotted if the signals from a detector are collected over the predetermined 
range. Clearly, when using this approach, only few amounts of the ion generated by the ion source 
reach a detector actually. In the case of the mass spectrometer of other classes, all the ion generated 
by the source is mainly detectable. As two exan^les, there ar© an ion trap mass spectrometer and a 
time-of-flight mass spectrometer. 

Many factors have the effect of the following on the stability of the specific analyzer for the specific 
object. That is, cost is affected at the fimction to analyze the constraint about the sources, such as 
magnitude of the energy range permitted and the physical source permitted, and a slight diffeirace of 
mass, the transmission efficiency of the electron from the source to a detector, the range of the mass 
used as the object for detection, and the complexity list of a configuration. When the mass 
spectrometer which is not comparatively small and expensive was needed for gas analysis, most 
generally the quadrupole mass spectrometer was chosen (reference-.H.Dawson and N.R.Whetton, 
Advances in Electronics and Electron Physics, Chap III p60). It has the following faults, althou^ a 
field or its precise opening is unnecessary while a quadrupole mass spectrometer can make a small 
analyzer. 

That is, a radio frequency power source needs to be supplied, generally the mass range is rather • 
hmited, the mass analysis force is comparatively low, allowance energy is dozens of volts only, the 
magnitude of the source must be quite small as compared with the magnitude of an analyzer, transfer 
of the electron in predetermined mass is bad, and a scan is needed for generating a spectrum. For 
these reasons, other configurations, especially time-of-flight analyzers were invented. 
In the case of a time-of-flight mass spectrometer, the mass of ion is drawn from the time amount 
taken for ion to result [ from the source ] in a detector so that the identifier may mean. Usually, it does 
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not depend for electronic transfer on mass in the range made into a problem, therefore there is no 
need for a scan. Furthermore, physically, in the case of the big source, it has the outstanding mass 
analysis force, ion source energy reaches far and wide, and an electronic transmission efficiency can 
be made very high. The source must be pulse-ized in order to specify the start point of ion clearly. 
However, besides this, survival voltage can be made static and power consumption can be made into 
min. Required electrode disposition is comparatively simple and a field is not needed. For this reason, 
the effect on weight and memory and all the troubles related to a magnetic material related nonlinear 
are cancelable. The mass range is mainly limited by only the time amount length which requires for 
the experiment conducted after each pulse from the source. The results of an investigation about a 
TOF method in recent years are offered according to the analytical chen^stry (Analytical Chenmstry, 
64 (1992)pl027) by KOTA (Cotter). 

Although a time-of-flight analyzer can come to hand commercially, MA-1, such as a vacuum division 
(Vacuum Division) of a scientific installment (Scientific Instrument) and the Bendix (Bendix) 
corporation, is not widely used except analysis research, for example. As for this, an electronic 
circuitry comparatively required for timing measurement till recently is expensive, and it is because it 
was inconvenient to use it. However, the need of ultra high-speed digital communication increased, 
and the electronic-circuitry technique resulted even in the rate required for this application today. 
The object at the time of designing the electron impact ionization source is holding the desired mass 
analysis force while the ion which was fitted to carrying out the pumping (pumping) of raising the 
ionization efficiency of the offered gas and the ion soiuice effectively, and removing the neutral gas 
which remains, and an analyzer, and was generated is detected. When the ion source is used for 
residual gas analysis, the volume of the ion source is made quite laige-sized, and it enables it to ionize 
quite many gas atoms. Actually, these various requirements are opposed to each other. While 
especially the thing to establish for the ion soiu-ce of sufficient magnitude to have much uncharged 
species is difficult simultaneous — (a) — the electronic source made to approach performing good 
ionization enough - (b) Ion extract optical system which is close to extracting the ion beam of a 
dimension which an electron transmits to an analyzer effectively and can realize the outstanding mass 
analysis force enough (this) when a detector is not comparatively large-sized, at least one dimension 
shows that an ion beam becomes thin at two dimensions, if possible, the gas inlet made to approach 
an ion source field in the case of one so that most of the neutral gas atoms / molecules firom (c) gas 
inlet may pass through an ionization field, and (d) — preferably Before the gas which counters a gas 
inlet, is used for removing the superfluous gas near a source field, and is not ionized moves to the 
residual field of an analyzer, it is difficult to obtain the pumping which is made to be sent out with a 
pump. 

This invention aims at conquering these opposing requirements. 

The ion gun by this invention is equipped with the ion source (1, 2, 3) at least with the annular part 
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constituted so that ion might be extracted from the perimeter of the source in the vertical direction, 
and the orientation means (8, 9, 10) constituted so that ion might be oriented toward the location on 
the medial axis of said source while in use to the source flat surface during the activity. 
It has specific arrangement of the ionization source used with an ion detector, a duty period is large, 
carrier gas is discharged, and when the start points in the source diflfer, it oflFers the time-of-flight 
mass spectrometer which has die new geometric configuration which amends time of flight simply 
and effectively, while a certain amount of energy selection is possible for this invention. 
Apart from high sensitivity being desirable, a gas analyzer has other important advantages of using 
effectively the gas which carries out ** ON diere. Although a mass spectrograph must send out air 
with a pump and must make a good vacua, a pump is comparatively expensive, and its power is 
insufficient, and it is heavy. For this reason, while being able to decrease the cost of an instrument 
greatly by making flow of a gas required for analysis into min, the trouble for making an analyzer 
portable is cancelable. 

Since criteria or starting time is needed in order that a time-of-flight mass spectrometer may draw 
time of flight fi^m the detected ion time of arrival, the ion source is pulse-ized by the approach of a 
certain kind. Therefore, other in^)ortant things about the source are that an uncertain element will be 
contained at the time of flight measured. In the case of the gas source, generally, an ion extract 
electrical potential difference is pulse-ized at the start of each period of an analyzer (refer to wcWiley 
and I.H.Maclaren Rev.Sci Instnim.). the time of flight of the ion which opens and starts spacing at the 
various pomts along the next flight direction ~ the mass -- ** - rather, it will change with the start 
locations and a final mass spectrum will be made not clear rather than it says. Although a certain 
range can also be compensated for this effect (a tooth space / eneigy focusing, reference), the ion 
source for time-of-flight analyzers can hold the dimension along a flight line comparatively small, 
making breadth of the initial velocity of the direction of a flight line into min. for this reason - often 
- a gas inlet - preparing - initial neutron speed - an ion flight - it is made vertical to a course 
(reference, T.Bergmarm et al Rev.Sci Instrum.60(1989) p792) 

It takes into consideration also about it not being a little important for others, either. The source and 
an analyzer are made into the object structure of a cylindrical shape, and manufacture and a design 
are made easy Moreover, in many examples of application, an analyzer must be compact. In order to 
satisfy this demand and the demand to the above-mentioned time amount focusing, an electric-field 
reflector is often used for an analyzer. For this reason, since the ion source and a detector are arranged 
at the same edge of an analyzer, it must arrange so that a collision may be avoided. 
The time-of-flight mass spectrometer by other modes of this invention The source field which 
supplies the 1st electrostatic field for making it accelerate into an acceleration field and extracting ion, 
The 2nd bigger electrostatic field than said 1st electrostatic field At least one electric-field 
disconnection flight field, electric-field reflector (15) it has a detector (13) and the total aircraft flying 
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hour of the ion from the various initial start locations on a line parallel to said 1st electrostatic field is 
not dependent on the start point of ion per second — as ~ field strength and die length — a flight — the 
field of a course can be adjusted. 

For this reason, if it states x, it comes and the deflection from the total aircraft flying hour of the ion 
started by x is expressed by the expansion into series when making x into the initial start point on a 
line parallel to extract electric field, and the value of x of the total aircraft flying hour of the ion 
started by x is zero, both the term of x and the term of x square will become zero. 
Although the general various examples of the electron impact source are already known, they explain 
the example by this invention with reference to the following drawings. 

drawing 1 shows the ion source of the conventional analyzer — coming out — it is — Drawing 2 It is 
the schematic drawing showing the conventional electron impact ion source. Drawing 3 It is the 
schematic drawing showing the 2nd conventional electron impact ion source. Drawing 4 The cyclic 
ion soim:e used for the ion gun by this invention is shown. Drawing 4 A The simple analyzer which 
uses the ion gun by this invention is shown. Drawing 5 It is drawing showing the ion source using two 
filaments used for this invention. Drawing 6 It is drawing showing other exanples of the ion gun of 
this invention. Drawing 6 A It is drawing showing the exdmple of drawing 6 which uses an electron 
lens. Drawing 6 B It is drawing showing the time-of-fiight analyzer which uses the ion gun by this 
invention. Drawing 6 C It is drawing showing this invention used by two roles of the primary ion gun 
used with a secondary ion mass spectrometer, and a time-of-flight analyzer. Drawing 7 They are other 
drawings showing the equipment of drawing 6 B. Drawing 8 It is drawing showing the cross section 
of the ion gun by this invention. Drawing 9 It is drawing showing the example of the ion gun which 
uses the combination structure of a time-of-flight mass spectrometer for a residual gas and the 
secondary sources of ion. Drawing 10 It is drawing for explaining the trouble relevant to a 
time-of-flight mass spectrometer and the source field made simple. Drawing 11 shows the example of 
time-of-flight compensation used for other examples of this invention. 

Drawing 1 shows the electron impact ion source used by a wheelie (Wiley) and McLaren (Maclaren). 
The ion for analyzing is extracted from the core of the ionization field 1 . This ionization field 1 is 
being isolated to some extent from the filament 2 which supplies an electron. To the ion flight line A, 
the gas source 4 is parallel, restricts the mass analysis force, and supplies a gas to an analyzer (not 
shown). A grid 5 specifies the acceleration field 6. The volume of an ionization field is restricted to 
the diameter of tiie beam extracted by the 2-way. The beam diameter concerned is restricted by the 
magnitude of the detector used at the remote edge of an analyzer. Here, the magnitude of an ion beam 
is the same as the magnitude of the ion beam generated finom the source. As mentioned above, depth 
of the source of the 3rd direction along the ion flight line A can be made small, and the mass analysis 
force of an analyzer can be enlarged. 

Drawing 2 shows the electron impact source which has the volume of a bigger ionization field. Here, 
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the electron emission filament 2 is annular considering the ionization field 1 as a core. However, an 
ionization field is restricted by the magnitude of the detector used for receiving an ion beam. Even if 
it uses a large-sized (therefore, it is more expensive) detector, as an ionization field becomes large, the 
electron emission filament 2 becomes far from the core of an ionization field, therefore electron 
density becomes weaker. However, this ion source is symmetrical with a cylindrical shape, and 
advantageous. 

The same source structure is used by Dela-NEGURA (Della-Negra (Anal.Chem.57(1985) p.2035)). 
The whole analysis is covered, the ion beam from the ion source is tumed to the direction of an 
electric-field reflector through the hole of a detector, the electric-field reflector concerned extends an 
ion beam, and they also return to the direction of a detector. Although it is a design compact [ this ] 
and symmetrical, ionization area size is restricted, generally the ion detector which has the hole is 
more expensive, since beam distribution is introduced, a beam does not retum to the direction of the 
source, but it results in a detector, and there are troubles, like the time amount distribution which is 
not desirable arises. 

Especially one advantage of a time-of-flight analyzer is that the geometric structure has the degree of 
freedom considerably. When a detector is made laige-sized so that this can intercept a beam at the 
outlet of an analyzer, it is being able to enlarge an ion beam in a single dimension at least. Although it 
is ideal that an output beam is small, it can use that the beam generated from the source can be made 
laige-sized, an ionization field can be enlarged, and it can be made high sensitivity more. In addition 
to these descriptions, invention currentiy indicated here is equipped with other descriptions. 
Drawing 3 shows the electron intact ion source which has the gas inlet 4 which encloses the 
perimeter of the ionization field 1, a pimiping 7, and the ion extract optical system 8, 9, and 10. Such 
the source operates by the time-of-flight analyzer or the pulse-ized gun by supplying the event of the 
following periods repetitively. 

hi the 1st step, the back plate 11 and the ion extractor 8 of the source are held on the same electrical 
potential difference, and an ionization field is widely made into electric field and irrelevance 
(electric-field disconnection^ hi this phase, the electron generated from the elevated-temperature 
filament 2 is accelerated to the ionization field 1 through the opening 12 of the source back plate 11 
with the electrical potential difference of the electrical potential difference of a filament 2, and the 
electronic reflector 3. Here, an electron collides with uncharged species and forms ion. 
More, which electrical potential difference of the source back plate 11 or the ion extractor 8 is 
changed suddenly, electric field are generated in the 2nd step of a short time, and ion is accelerated in 
the direction of an analyzer through the opening 14 of the ion extractor 8 fix)m the ionization field 1. 
Through opening 14, it is accelerated further, and ion is converged or deflected with orientation / 
focusing electrodes 9 and 10. 

Although the magnitude of the source is limited to the dimension of space, it can also extend the 
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source in the direction vertical to the flat surface of drawing. The source of the shape of such a line 
can hold a critical size small as mentioned above while having the comparatively big ionization 
volume. However, while the source of the shape of a long straight line needs an expensive long 
detector or some ion optics systems and being able to make the dimension of an analysis system small, 
the mass analysis force can be held. This is very difficult actually The reason is that the ion which the 
ion generated from the edge of the source generates from the core of the source moves a completely 
different path. 

As mentioned above, in this invention, it has the long ion source bent circularly, i.e., the cyclic ion 
source. Here, an ion beam is vertically generated to the circumferentia and only whenever 
[ comiculus ] is deflected to a vertical medial axis after that to a ring. Drawing 4 shows how an ion 
gun is constituted simply according to tiiese matters. It is clear that the cross section of this ion gun is 
the same as that of what rotated the ion gun of drawings to the circumference of the symmetry axis 
of a gun. The same reference number is attached to the component of drawing 3 , and a corresponding 
component. In this example, as for the orbit of ion, the ion which it generates from all the parts of the 
source near and that it is the symmetry of revolution in this way shows following the same flight path 
to a target 17 to the conical surface. This kind of source is mainly used for the circumference of the 
shaft of the annular source with the analyzer of the arbitration constituted by the symmetry of 
revolution. Drawing 4 A shows the time-of-flight analyzer which uses this source. Here, the opening 
16 for control and an ion detector 13 are added. It is advantageous to set up a flight path on a 
cylindrical shape-like front face or the conical surface of various include angles in other analyzers. 
The source is circular annular and it being common in a design is that the flight path exists in the 
circumference of a vertical medial axis in thin shell symmetrical with a revolution to the annular 
section of the source. 

Especially the advantageous point of the configuration of drawing 4 is approaching the ionization 
field 1 and a pumping 7 extremely, and being able to arrange the gas source 4. The gas pressure force 
of an annular inlet port can be set up very low by the external pressure low lower berth, and the flow 
of a molecule can be fitted to predetermined conditions. A neutral gas molecule is generated in the 
source so that a rate may change covering the include angle of the comparatively (setting in a drawing 
flat surface) narrow range to the bottom of these situations. This has two advantages. First, the 
velocity compoment of the neutral molecule which is [ 1st ] along the next ion flight line A is small, 
and the outstanding mass analysis force can be realized comparatively easily. The neutral molecules 
which are not ionized and extracted by the 2nd pass [ no ] along the source, and ahnost reach direct 
progress and an analyzer at the pumping opening 7. Real effective-pressure (or neutral particle 
member consistency) differential is called for between a source field and the residual field of an 
analyzer, without preparing small opening as an ion outlet especially, since a pumping is very 
efficient and the ratios a neutral molecule acts [ ratios ] as a recurrence student are only few. 
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It is clear that it is not the only geometric structure effective in the source cross section of drawings 
presupposing that it is annular. For example, drawings shows the source cross section which has two 
electron emission filaments 2 used for residual gas analysis within a vacuum chamber. Moreover, the 
advantage of annular arrangement is being able to prepare a predetermined member and the ion beam 
converged on a small diameter at a certain back point in an analyzer while the source's is 
simultaneously lengthened while approaching the ionization field 1 extremely and being able to 
arrange a filament 2 in this case, and enlarging the volume of an ionization field more. Many other 
deformation is possible and these are clear for this contractor. 

Drawing 6 - 6C is the abbreviation sectional view showing other examples of an annular source ion 
gun. hi this case, while using an electric-field (known as reflectron (reflectron)) reflector, returning 
ion in the direction of the source and using the analyzer using this invention as a compact fiirther, 
time amount focusing is realizable simultaneously (refer to following). 

Drawing 6 shows the annular source ion gun of this invention with which mass is used for giving an 
impzci to a sample 17 with known ion. Although drawing 6 A is the same configuration as drawing 6 , 
it is equipped with the electrostatic lens 18 used for converging ion on a sample 17. 
Drawing 6 B shows the mass spectrometer which uses this invention. Here, a reflector 15 turns the 
ion of known [ mass ] in the direction of an ion detector 13. Except for having fiirther the detector for 
analyzing the ion by which sputtering is carried out fi^om a sample 17 collected with a lens 18, the 
equipment of drawing 6 C is the same as the equipment of drawing 6 A, and turns an electron in the 
direction of a detector 13 with a reflector 15 after that [ into equipment ]. For this reason, equipment 
fimctions as the pulse-ized source of primary ion, and a time-of-flight mass spectrometer as a mass 
spectrometer of secondary ion. 

As mentioned above, it is clear that the annular source can solve easily the trouble produced by 
equipping the source and the same edge of an analyzer with the target 17 or the detector 13. The ion 
which returns fi*om a reflector 15 passes along the core of the annular source, and faces to a detector 
.13. A detector 13 can also be arranged near the outside of an analyzer. There is almost no geometric 
constraint in this case, and it is easy to access. Drawing 7 is other drawings showing arrangement of 
drawing 6 B, and shows the configuration more clearly according to the three dimension. By this 
drawing 7 , the analyzer part is omitted and the oibit is shown inside. 

The whole annular source product is not necessarily needed depending on the case. Two or more 
smaller sources are arranged around a ring in these cases. Siiice such arrangement can use a spare 
using an easy switch when the one source breaks down, it is advantageous in respect of dependability. 
As an alternative, cross contamination is hardly reliable and two or more gas sources firom various 
sources can be analyzed. 

Since the source must be pulse-ized, one potential fauh of the time-of-flight mass spectrometer of 
common use is being in the inclination the duty cycle's becoming short. This is the only trouble. Here, 
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the matter used as the object for analysis will be supplied by continuous flow, a part of flow will be 
missing in this case, and analysis sensibility will be reduced. When it can be made to stop in the 
source, ion can be detected until it extracts the pulse which the following ion makes start each cycle 
of an analyzer for the ion generated in the source. In an example of an electron impact gas analyzer, 
the rate of gaseous flow is the order of 300 m/s. For this reason, between the electron impact phases 
in a cycle (it is short contrary to an ion extract phase), when a source field assumes that it is 
comparatively unrelated to electric field, and a repetitive rate is lOOkHz, the ion generated before the 
following ion extract pulse just behind an ion extract pulse moves 10microSx300 m/s=3nim. If ion 
extract optical system is constituted so that ion can be efficiently extracted from the field which has 
the depth of at least 3mm to a gas flow direction, all sample streams (stream) may be used. 
Although the above-mentioned example is practical, the repetitive rate of the dimension of the source 
is rather still quite early large. In order to use a trial or a longer flight tube for big mass, in contrast 
with making the electric field of a source field into arbitration, a longer period is advantageous from 
the gestalt of a precision ion preservation device. This is only especially realized by preparing the 
weak electrostatic field relevant to the space charge of an electron beam depending on the case, when 
the geometric structure of the source is suitable. This is more easily realized by annular structure. The 
approach as an altemative supplies a radio frequency electrical potential difference to four rings 9 and 
10 which enclose the source field, and constitutes RF (radio frequency) quadrupole bent circularly. 
This approach can limit in potential the ion which has a certain amount of big initial energy. The oifoit 
of all the mass made into a problem is stabilized, and RF electric field are chosen so that the drift of 
the perimeter of the annular source may be carried out comparatively slowly. In an ion extract phase, 
RF electric field are changed off. 

The 3rd approach of ion preservation can form a thin electric conduction line in the perimeter of the 
annular source of the core of a source field: An electrical potential difference is supplied to an electric 
conduction line, ion is drawn in the direction, and it enables it to hold ion in a source field. Thus, 
preparing an "information trunk" is already known (reference: Oakley and R.D.Macfarlane and 
Nuclear Instrum.and Methods 49 (1967)p220). 

The 4th approach of ion preservation uses a cylindrical or annular electrode for the perimeter of an 
ionization field, and generates weak electrostatic field. 

In order to improve a preservation property, it is advantageous to pour in ion or a neutron in the 
direction of B to the tangential direction of a ring. Then, initial particle velocity is first set up along 
with the longitudinal direction of the source, and an ion capture device superimposes a comparatively 
loose curve on the initial velocity, and saves ion in potential to infinity. This is used especially in 
order to make an analyzer interface with the continuous source of comparatively (as opposed to 
temperature energy) active ion, such as for example, the inductive-coupling high-firequency plasma 
source. 
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Moreover, in drawing 4 A and 7, when it notes having formed the circular opening 16, the big 
advantage of the annular source is that the locus of ion converges from the extended source. In this 
point, mass and energy can be chosen by opening. When the electrical potential difference with the 
proper ion from the source is applied to orientation/focusing ring electrodes 9 and 10, only opening is 
passed (refer to drawing 3 ), and ion is fallen and attached to a predetermined energy range and a 
predetermined start location. By adjusting this range, by opening, sensibility can be made to some 
extent into a sacrifice, and the mass analysis force of an analyzer can be increased. Since the 
sensibility of this geometric structure is already quite high, such compensation seldom poses a 
problem but is useftil. 

the case of a time-of-flight mass spectrometer — the electrical potential difference of the ring-like 
deflecting electrode 10 — a short time ~ it separates from a proper electrical-potential-difference 
value, and even if pulse-ized, a certain amount of analysis force is held. Li order to do in this way, he 
is trying only for the time amount to which ion reaches deflecting system to affect only the mass of 
the limited range where breadth and the short-time pulse of a deflecting electrode have ion in space. 
This needs the 2nd deflection ring set with which the analyzer was attached caudad apart from the 
source. In this case, the spatial breadth of the ion of various mass is large to some extent. As an 
example with effective eliminating specific mass, it is the case where it is contained in a lot of [ the 
sample component made into a problem ] carrier gas. In this case, while being able to prolong the life 
of a detector by eliminating a carrier gas signal, he is trying for a data system not to spend time 
amount on the processing of data which is not made into a problem. If there are some which eliminate 
the heavy ion which crosses the mass range made into a problem as the 2nd exan^le and this is not 
eliminated in this case, the heavy ion exceeding the mass range made into a problem is detected after 
initiation of the following analysis period, and it is recognized as optical ion by (he data system after 
that. 

In the case of a predetermined application, it is desirable to analyze the residual gas in the two or 
more matter sources (SIMS), for example, the ion by which sputtering was carried out from the 
solid-state front face, and a vacuum system with a single analyzer. In this case, it is more desirable to 
constitute the electron impact source along with a part of ring, and the gap for introducing the ion 
beam collected through the extract optical system of common use is prepared. Drawing 9 shows an 
exan^le of the combination-geometric arrangement for such SIMS and residual gas analysis. SIMS 
ion is pulse-ized by pulse-izing SIMS extract optical system 18 used for forming the narrow (thin) 
beam 19 directly poured into a primary ion gun (not shown) and an analyzer. Using reflective 
structure as shown in which drawing, an analyzer is readjusted so that actuation of which the source 
may be suited, and reflector voltage which presents the highest mass analysis force is operated for 
every case. 

In the case of a time-of-flight mass spectrometer, the mass of the detected ion is drawn from the time 
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amount over the predetermined conventional time to which ion reaches a detector, hi order to 
measure mass to accuracy, it is not desirable for the time of arrival to be dependent on the start 
location in things other than mass, for example, the source, or the energy in an analyzer. The trouble 
of the potential about the source shown in drawing 3 is that the rates at the time of the ion of the same 
mass in the various locations in the source needing various energy, and starting ftom the source differ, 
when ion extract electric field are turned on. Therefore, the time of flight differs, respectively and 
these ion does not reach a detector simultaneously. 

Drawing 10 shows the trouble of a simple source field in case an ion extractor is a flat-surface grid, 
all the equipotential surfaces are flat surfaces and the potential of the source is only the linear function 
of a location along a flight line. The upper half of drawing 10 shows the location where various ion 
centering on the flat surface of an electrical potential difference Vex in the starting point of 
time-of-flight measurement may exist. The lower half of drawing 10 shows the 
electrical-potential-difference distribution in a source field. Here, these electrical potential differences 
are related with the potential of the electric-field disconnection field of an analyzer. Starting time is 
determined by any of the following (a) or (b) they are. Namely, event of (a) extract electric field being 
turned on A source back plate and an ion extractor plate are the same electrical potential differences 
before starting time. In starting time, the electrical potential difference of one of plates is changed 
suddenly, and the potential dip shown in drawing is generated. 

Or event of ion being generated in the static electric-field dip shown in (b) drawing All ion is 
generated by photoionization by the short pulse in this case according to the pulse of a laser beam. 
Be alike is determined. 

In the lower half of drawing 10 , each ion has the potential energy eV depending on a start location 
(here, e shows the charge.). It is clear that each ion from various start locations along a flight line is 
generated fix)m an extract field at various rates and the event. It is ** carried out of the exact 
expression to the attached paper A. 

A wheelie and McLaren invented the arrangement which has the separation extract field and 
acceleration field which have been arranged as follows. That is, the time amount concerning the ion 
started fi*om various locations being generated from the source, if a detector is arranged in a right 
location is mainly amended by the various rates which ion obtains. Although the ion started near the 
back plate of the source is generated later than the ion with a little little energy started near an ion 
extractor plate, it catches up with these. Such arrangement has a problem in geometric constraint, 
performs only primary amendment, and can apply it only to the gas source. 

Other approaches invented in order to amend time of flight in case ion energy differs were thought 
out by MAMIRIN (Mamylin et al (Sov.Phys.JETP 37 (1973)P45)) etc. An electric-field reflector is 
used for a part of ion flight path, long by the inside of a reflector, in order to penetrate reflective 
electric field further, although the ion which has higher energy has the more short time amount which 
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crosses the electric-field disconnection field of an analyzer ~ a time amount stay is carried out. Two 
opposite effectiveness is mostly offset by designing suitably. In the design proposed by MAMIRIN, 
when it has two fields which consist of different field strength and ion energy is different, the 
secondary time of flight can be amended. All ion, such as the gas source and secondary ion (SIMS) 
generated by the primary ion beam for example, fi-om a solid-state sample, can apply this approach to 
the source started fi-om one flat surface. 

Optimizing so that two approaches may be combined using the source of the Willie McLaren mold 
for tooth-space focusing and the source flat surface may exist in the preceding paragraph of a 
MAMIRIN stage in the primary time amount focusing location of the Willie McLaren stage was 
proposed. Although such a system can perform primary amendment, analytically, the concept of a 
"duplex analyzer" cannot say that it excels and does not have an opportunity to perform secondary 
amendment to start locations differing. 

According to the 2nd mode of this invention currently indicated here, it has the time-of-flight 
analyzer which has the separation extract and acceleration stage which have an electric-field 
disconnection field, and a single dip electric-field reflector, and secondary amendment of the time of 
flight to the start location in the soiuce is performed. It is advantageous at the point that an 
electnc-field reflector can be considered as a design simpleer than a MAMIRIN mold, and even fiee 
can carry out the dip (slope) in such a design. An easy exan^le is shown in drawing 1 1 . 
The imagination source is not used although the logical constraint about a required electrical potential 
difference and distance is analyzed. The reason is that such the source performs only primary 
amendment. Instead, the time of flight in four fields (an extract, acceleration, a drift, and echo) of an 
analyzer is directly written down as a fimction of flight energy, and is found by changing a start 
location, and the fimction of a total aircraft flying hour is offered. Then, by choosing an electrical 
potential difference and a dimension for the 1st and 2nd differential to the flight energy of this 
function suitably, it considers as zero and secondary time amount focusing is generated with a 
detector. 

The attached paper A is performing mathematical processing using expression: (die-length L6), i.e., 
an extract field, given to drawing 11 to the time of flight of each field by which label attachment was 
carried out, an acceleration field (die length L7), a drift region (die length LI), and reflective space. 
Each expression is described as a function of the potential V in an ion start location (also see drawing 
10 ). In order to simplify an example, ion assumes that it is what is started by rate zero. Although 
actually doing in this way is suitable approximation, therefore it is often enough, this is taken into 
consideration when a start rate changes symmetrically to a start location. Next, a total aircraft flying 
hour is described as total of die time amoimt concerning each phase. In order to make change of this 
total time at the time of changing V into min, the 1st and 2nd differential is performed and this is 
made into zero. Two variables are adjusted and two equations satisfied are given. Actually, since the 
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physical dimension is being fixed, let the variables in which two adjustments are possible be the 
electrical potential difference VI of an ion extractor plate, and the field strength Eref of an 
electric-field reflector. In order that it may get confiised, the analysis method by the equation is 
convenient if you solve these numerically. Such a solution approach based on an attached paper A 
choosing a dimension and nominal flight energy actually is shown. Eventually, based on this solution 
approach, some field strength is shown and it is confirmed that a value is appropriate. Moreover, a 
total aircraft flying hour is plotted to the flight energy of ion, and the eternal point is shown in 
nominal flight energy. 

This time amount correction method is applicable to the source which has the spatial depth of not 
only the electron impact source but arbitration. The time-of-flight mass spectrometer with which ion 
is generated by ionizing the neutron in a gas phase by the laser beam as other suitable examples is 
mentioned. Even if it is the case of the laser beam which has depth comparatively by performing 
secondary focusing, the outstanding mass analysis is possible and this shows that the range of an ion 
start location is wide. 
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[Translation done.] 



* NOTICES* 

JPO and NaPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by conq)uten So the translation may not reflect the original 

precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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